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Description 



[0001 1 The invention relates to a nanocomposite ma- 
terial, to a process for the preparation thereof and to a 
rnodlf led clay. 

[0002] In the past decades, it has already often been 
proposed to improve the properties of polymeric mate- 
rials by including In these materials a specific amount of 
' a clay The presence of a clay In a polymeric material 
particularly contributes to properties such as the me- 
chanical strength and the heat resistance of the poly- 
meric material. 

[0003] A great difTiculty when including a clay in a pol- 
ymeric matrix resides in the mutually rather different na- 
ture of the materials. The polymeric material of the ma- 
trix is a usually non-polar organic material, whereas the 
clay is a much more polar inorganic material. Because 
of this difference the materials are pooriy intermixable; 
they are intrinsically not mlxable. 
[0004] To circumvent this difficulty. It has been pro- 
posed to cany out the synthesis of the polymer that 
fornis the matrix, a polymerization reaction, in the pres- 
ence of the inorganic material. The idea was that the 
clay is perhaps more easily intermixable with a mono- 
merlc material than with a polymeric material. This 
method, however, provedto result in an inhomogeneous 
product which does not have the desired properties The 
clay has a layered structure which cannot be broken 
easily, so that a homogeneous mixing is hard to obtain 
[0005] U.S. patents 4.889,885 and 4^10734 pro- 
pose to first swell the clay before adding monomeric ma- 
terial and carrying out a polymerization. To this end the 
clay is modified with a swelling agent which increases 
the mutual distance between the layers of the clay struc- 
ture to such an extent that monomerc fit therebetween 
After polymerization of the monomers polymeric mate- 
nai is then automatically located between the clay lay- 
ers. ^ 

[0006] The swelling agent described in the attove pat- 
ents is so-called onium ions. Within this context an on- 
ium Ion is a surfactant with a head group formed by an 
ammonium, pyridinium, sulfonium or phosphonium 
group, and one or more non-polar tails. The catlonic 
head group of an onium ion is exchanged for cations 
between the crystalline layers of the clay The tails must 
have a functional group capable of entering into a bond- 
ing interaction with the monomeric material, so that the 
polymers are formed between the layera of the clay. 
[0007] Nevertheless, swelling with an onium ion also 
often proved ineffective in obtaining a proper mixing of 
the clay with a polymeric matrix. European patent appli- 
cation 0 747 322 describes that even when an onium 
ion With two non-polartails is used, additional measures 
are necessary to homogeneously disperse a clay in a 
polymeric matrix which particularly consists of rubbery 
materials. Accordingly, the above European patent ap- 
plication propos s to introduce, in addition to an onium 
ion with two non-polartails, one or more host molecules 



also surfactant-like molecules, between the clay lay rs. 
A drawback of this method is that It is very complicated 
and does not in all polymeric materials enable a homo- 
geneous dispersion of clay In the polym ric matrix. 
5 [0008] Another approach is described in U.S. patent 
5,578,672. This approach comprises two steps. In the 
first step, an aqueous layered clay is swollen with mon- 
omers, oligomers or polymers that are compatible with 
water This leads to a partly hydrophilte material. This 
10 first step is often referred to as the so-called intercala- 
tion. The distance between the clay layers is thereby in- 
creased. The second step comprises the mixing of the 
intercalated clay with a second polymer. This step is re- 
ferred to as the so-called exfoliation and must lead to 
^5 loose individual clay plates. The resulting product is fi- 
nally Included in the desired polymeric matrix through 
extrusion. In this procedure it Is essential that the clay 
contains a specifte minimum content (usually at least 
5%) of water. The method described in this U.S. patent 
^0 Is rather laborious and complicated. Moreover, this 
method is not applicable to many polymeric matrices, 
so that a clay cannot be included In every polymeric ma- 
terial. 

[0009] The international patent application WO-A- 
25 93/041 1 8 describes a composite material on the basis 
of a polymeric matrix and a clay, which clay is modified 
with a specific compound. This specific compound con- 
sists of a silane or an onium group and a group compat- 
ible with the polymeric matrix. It has turned out that with 
30 thi&^peciflc compound a substantial dispersion of a clay 
in a polymeric matrix is only obtainable with nylon as 
polymeric matrix. 

[0010] It is an object of the invention to provide a na- 
nocomposite material In which a clay Is very homoge- 
35 neously dispersed in a polymeric matrix, which nano- 
composite material is easy to prepare. The invention 
therefore relates to a nanocomposite material on the ba- 
sis of a clay having a layered structure and a cation ex- 
change capacity of from 30 to 250 milliequivaients per 
^0 1 00 gram, a polymeric matrbc and a block copolymer or 
graft copolymer, which block copolymer or graft copol- 
ymer comprises one or more first structural units (A), 
which are compatible with the clay, and one or more sec- 
ond structural units (B), which are compatible with the 
45 polymeric matrix. 

[001 1] It has been found that by using a block copol- 
ymer or graft copolymer of the above-mentioned type a 
clay can be very homogeneously mixed with a polymerk; 
matrix. IVloreover, by suitably selecting the structural 
units of the block copolymer or the graft copolymer a 
clay can be included in a polymeric matrix of any desired 
nature. A nanocomposite material according to the in- 
vention has very favorable properties, such as a great 
heat resistance, a great mechanical strength, in partic- 
55 ular a great tensile strength and a good impact resist- 
ance, a low electric conductivity, a high glass transition 
temperature and a very low pemneability to gases, such 
as oxygen or water vapor, and liquids, such as water or 
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solvents. 

[001 2] A nanocomposite material according to the in- 
vention is, as stated before, based on a clay having a 
layered structure. The clay may b of a natural or syn- 
thetic nature. Preferably, the clay has a large contact 5 
surface. 

[0013] Very suitable are clay types based on layered 
silicates, such as layered phyllosillcate composed of 
magnesium and/or aluminum silicate layers which are 
each about 7-1 2 A in thickness. Especially preferred are 
smectite-like clay minerals, such as montmoriilonite, sa- 
ponite, hectorite, fluorohectorlte, beldellite, nontronite, 
vermiculite, halloysite and stevensite. These materials 
impart very favorable mechanical properties and a great 
heat resistance to a nanocomposite material. 
[001 4] A suitable clay type has a cation exchange ca- 
pacity of from 30 to 250 milliequivalents per 100 gram. 
When this capacity exceeds the above upper limit, It 
proves difficult to finely disperse the clay on a molecular 
level because of the strong mutual Interaction of the clay 
layers. When the cation exchange capacity Is lower than 
the above lower limit, it turns out that the clay is hard to 
modify, owing to the fact that the interaction with the 
block copolymer or graft copolymer is small. There is 
preferably used a clay having a cation exchange capac- 
ity of from 50 to 200 milliequivalents per 100 gram. 
[0015] The polymeric matrix present in a nanocom- 
posite material according to the invention can befomned 
by any polymeric material. Both homopotymers and co- 
polymers may serve as polymeric matrix. It is one of the 
advantages of the invention that by selecting the block 
copolymer or the graft copolymer any polymeric matrix 
can be modified with a clay of the above-described na- 
ture. Accordingly, by providing the right constituents, e. 
g. in the form of a kit, the skilled worker is afforded an 
opportunity to prepare for any desired use a combinar 
tion of a specific clay and a specific polymeric material, 
and thus a desired nanocomposite material. 
[001 6] Polymeric materials suitable as polymeric ma- 
trix in a nanocomposite material according to the inven- 
tion are both potyadducts and polycondensates. Exam- 
ples are polyolefins, such as polyethylene or polypro- 
pylene, vinyl polymers, such as polystyrene or polyme- 
thyl methacrylate, polyesters, such as polyethylene 
terephthalate orpolycaprolactone, polycarbonates, pol- 
yaryl ethers, polysulfones, polysulfides, polyamides, 
potyetherimides, polyether esters, polyether ketones, 
polyether ester ketones, polyvinyl chloride, polyvinyli- 
dene chloride, polyvinylidene fluoride, polysiloxanes, 
polyurethanes and polyepoxides. There are preferably 
used polyolefins, vinyl polymers, polyesters, polyethers, 
polysiloxanes or acrylic polymers, because the proper- 
ties of these materials show a substantial improvement 
due to the presence of a clay. 
[001 7] Besides on the day described before and the 
polymeric matrix, a nanocomposite material according 
to the invention Is based on a block copolymer or a graft 
copolymer This block copolymer or graft copolymer is 



a polymer comprising first structural units (A), which ar 
compatible with the clay, and one or more second struc- 
tural units (B), which are compatible with the polymeric 
matrix. When the structural units occur in a straight pol- 
ymeric chain, reference is made to a block copolymer 
When the structural units (A) occur in a chain which 
a branch of the chain in which the structural units (B) 
occur, or vfce versa, reference is made to a graft copoi- ' 
ymer. 

[0018] Thestructural units (A) are compatible with the 
clay. By this Is meant that these units in themselves, 1. 
e. not in the copolymeric form with the structural units 
(B), are excellently mixable with the clay. The stmctural 
units (A) are preferably of a hydrophilic nature. Materials 
suitable as structural units (A) are polyvinylpyrrolidone, 
polyvinyl alcohol, polyethylene oxide, linear or dendrite 
potyethylenimine, polyoxymethylene, polytetrahydro- 
furan, polyacrylic acid, polymethacrylic acid, poly- 
dimethylacrylamide, polymethylacrylamide, copoly- 
mers of acrylic acid or methacrylk: acid and acrylamlde, 
polyisopropylamide, starch, polysaccharides and cellu- 
lose derivatives. It is preferred that at least one of the 
structural units (A) is derived from monomeric units se- 
lected from the group of vinyipyn-olldone, vinyl alcohol, 
ethylene oxide, ethylenimine, vinylpyridlne, acrylic acid 
and aery lamide. These preferred units (A) are excellent- 
ly compatible with a clay. 

[0019] Very suitable materials for use as stnjctural 
units (A) have a molecular weight of from 1 00 to 5,000, 
preferably from 1 ,000 to 3,000. It is also advantageous 
when the material of the structurallinits (A) contains 
from 5 to 20 monomeric units. 
[0020] The structural units (B) are compatlbie with the 
polymeric matrix. By this Is meant that these units In 
themselves, i.e. not in the copolymeric form with the 
structural units (A), are excellently mixable with the ma- 
terial of the polymeric matrix. It is also possible that the 
nature of the structural units (B) is the same as the na- 
ture of the polymeric matrix. An example is a polymeric 
matrix of polyethylene having a molecular weight of 
5,000 and structural units (B) of polyethylene having a 
molecular weight of 2,500. It is even possible that the 
material of the polymeric matrix is exactly equal to that 
of the stmctural units (B). In the above example, the 
structural units (B) could then be of polyethylene having 
a molecular weight of 5,000. 

[0021] The nature of the structural units (B) will de- 
pend on the nature of the polymeric matrix. Materials 
suitable as stmctural units (B) are, e.g., polyolefins, 
such as polyethylene or polypropylene, vinyl polymers, 
such as polystyrene or polymethyl methacrylate, poly- 
esters, such as polyethylene terephthalate or polyc- 
aprolactone, polycartDonates, polyaryl ethers, polysul- 
fones. polysuifides. poiyamides, polyetherimides, poly- 
ether esters, polyether ketones, polyether ester ke- 
tones, polyvinyl chloride, polyvinylidene chloride, poly- 
vlnyllden fluoride, polysiloxanes, polyurethanes and 
polyepoxides. There are preferably used polyolefins, vi- 
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nyl polymers, poly sters, poly thers, polysiloxanes or 
acrylic polymers. 

[0022] According to a preferred embodiment, a block 
copolymer or a graft copolymer Is used in which the 
structural units (A) contain at least 2 monomeric units 
and the structural units (B) contain the same or a larger 
amount of monomeric units as/than the structural units 
(A). It has been found that with such a block copolymer 
or graft copolymer a very finely divided homogeneous 
dispersion of the clay is obtained In the polymeric matrix. 
[0023] In a nanocomposite material according to the 
invention, the weight ratio of the amount of block copol- 
ymer or graft copolymer to the amount of clay is prefer- 
ably between 0.01:1 and 100:1, with a special prefer- 
ence between 0.05:1 and 6:1. The weight ratio of the 
amount of clay to the amount of polymeric matrix is pref- 
erably between 1 :200 and 2:1 , with a special preference 
between 1:50 and 1.2:1. 

[0024] The invention further relates to a process for 
preparing a nanocomposite material as described 
above. It should be noted that it is possible In this con- 
nection to first bring together the clay and the block co- 
polymer or graft copolymer orfirst bring together the pol- 
ymeric matrix and the block copolymer or graft copoly- 
mer and only then add the required third constituent. It 
is further possible to simultaneously bring together all 
the three required constituents, namely clay, polymeric 
matrix and block copolymer or graft copolymer. 
[0025] It is prefen-ed, however, to first modify the clay 
with a block copolymer or graft copolymer of the above- 
described nature. The inventron therefore also relates 
to a modified clay suitable for preparing a nanocompos- 
ite material as described above, based on a clay having 
a layered structure and a cation exchange capacity of 
from 30 to 250 milliequivalents per 1 00 gram, which clay 
is modified with a block copolymer or a graft copolymer, 
which block copolymer or graft copolymer comprises 
one or more first structural units (A), which are compat- 
ible with the clay, and one or more second structural 
units (B). This modified clay can then be suitably mixed 
with a polymeric matrix. By suitably selecting the struc- 
tural units (8), a skilled woricer is capable of including a 
clay In a polymeric matrix of any desired nature. . 
[0026] When preparing a nanocomposite material ac- 
cording to the invention, in any of^the above-mentioned 
sequences of bringing together, It Is preferred to grind 
or pulverize the clay previously. Such a pretreatment of 
the clay results in an easier and better mixability of the 
different constituents. 

[0027] The constituents of a nanocomposite material 
according to the invention may be brought together in 
any suitable manner, provided this manner gives a good 
mixture. Examples of methods of bringing together the 
constituents comprise agitation for a longer period of 
time at elevated temperature and extaision. Suitable 
mixing conditions depend on the nature of the selected 
constituents and can be easily determined by a skilled 
woric r. The agitation may be carried out. e.g., at a tem- 



perature between 40 and SO'^C and the extrusion, e.g.. 
between 40 and 160°C in a twin-screw extruder. 
[0028] The nanocomposite materials according to the 
Invention may be very suitably used for a great diversity 

5 of applications. The materials are excellently processa- 
ble and can be molded in conventional molding steps, 
such as injection molding and extrusion processes. 
Molded articles of different nature can be prepared from 
the present nanocomposite material. Examples com- 

10 prise any application for which the material of the poly- 
meric matrix Is suitable. As preferred applications, pack- 
aging and construction materials may be mentioned. 
[0029] The invention will now be explained in more 
detail with reference to the following examples. 

15 

Example I 

[0030] A smectic clay mineral (montmorillonite, 1 g) 
having a cation exchange capacity of 85 milliequivalents 

20 per 1 00 gram was mixed together with 1 .3 g of a block 
copolymer consisting of one polyethylene oxide block 
(PEO) and one polystyrene block (PS) for 3 hours by 
agitating at a temperature of 80° C. The molecular 
weight of the PEO block was about 1 ,000 and that of the 

25 PS block about 3,000. - ~ 

[0031] The resulting material was characterized with 
X-ray diffraction and differential scanning calorimetry. 
■n>is characterization showed that substantial exfolia- 
tion had occun-ed. 

AO [0032] Subsequently^ the exfoliate was extruded to- 
gether with a styrene homopolymer. The final product 
had a clay content of 5% by weight, based on the final 
product. Prom the results of studies by means of X-ray 
diffraction and electron microscopy it was detennined 

35 that the clay was homogeneously dispersed in the sty- 
rene homopolymer. 

[0033] Thetensileforce modulus, determined accord- 
ing to DIN 53455, of the modified styrene homopolymer 
was compared with that of the non-modified styrene 
40 homopolymer, which showed that the tensile force mod- 
ulus of the modified material was 10% higher 

Example II 

^ [0034] A smectic clay mineral {bentonite, 1 g) having 
a cation exchange capacity of 85 milliequivalents per 
100 gram was suspended at 50*'C in tetrahydrofuran 
and agitated for 3 hours with 1 .3 g of a block copolymer 
consisting of one poly-4-vinylpyridine block (P4VP) and 

so one polystyrene block (PS). The molecular weight of the 
P4VP block was about 3.000 and that of the PS block 
about 27,000. 

[0035] The resulting materiai was characterized with 
X-ray diffraction and differential scanning calorimetry. ^ 
55 This characterization showed that partial exfoliation had 
occun-ed. 

[0036] The exfoliated material was extruded together 
with a styrene homopolymer. There was thus obtained 
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a final product which contained homogen ously dis- 
persed, fully exfoliated clay plates. The clay content of 
the final product was 50% by weight, based on the final 
product. 

Example III 

[0037] A snnectic synthetic clay mineral (saponite, 1 
g) having a cation exchange capacity of 83 milliequlva- 
lents per 1 00 gram was suspended at 50**C in tetrahy- 
drofuran and agitated for 3 hours with 1 .3 g of a block 
copolymer consisting of one dendritic polyethylenimine 
block (dend-Pg PEI) and one polystyrene block (PS). 
The molecular weight of the dend-Pg PEI block was 
about 1 ,000 and that of the PS block about 2,000. 
[0038] By means of X-ray diffraction It was deter- 
mined that the layered mineral structure was intercalat- 
ed to a structure having a mutual distance between the 
layers of 1 2.7 A. 

.[0039] Coextruslon with a styrene homopolymer led 
to a clear transparent material with exfoliated clay lay- 
ers. The clay content of the final product was 5% by 
weight, based'on the final product. 

Example IV 

[0040] A montmorlliontte (1 g) having a cation ex- 
change capacity of 105 milltequlvaients per 100 gram 
was suspended in tetrahydrofuran and mixedfor3 hours 
with 1 .3 g^of a multiblock copolymer consisting of one 
dendritic polyethylenimine core block (dend^g) functton- 
allzed with 16 octadecyl groups (block B, PE-compatl- 
ble). The moleculeir weight of the dendritic polyethylen- 
imine core block was 1 ,600. 

[0041] An X-ray diffraction study of the resulting ma- 
terial showed that the layered mineral structure was In- 
tercalated with the multibtock copolymer. The mutual 
distance between the intercalated clay layers was 30.4 
A. 

[0042] The intercalated material was extruded togeth- 
er with polyethylene. The final product contained 5% by 
weight of completely exfoliated clay, based on the final 
product, and was clear and transparent. 
[0043] The tensile force modulus, determined accord- 
ing to DIN 53466, of the modified styrene homopolymer 
was compared with that of the non-modified styrene 
. homopolynner, which showed that the tensile force mod- 
ulus of the modified material was 100% higher. 



Claims 

1 . A nanocomposite material on the basis of a clay 
having a layered structure and a cation exchange 
capacity of from 30 to 250 milllequivalents per 100 
gram, a polymeric matrix and a block copolym r or 
a graft copolymer, which block copolymer or graft 
copolymer comprises one or more first structural 



units (A), which are compatible with th clay, and 
one or more second structural units (B), which are 
compatible with the polymeric matrix. 

5 2. A nanocomposite material according to claim 1 , 
wherein the clay has a cation exchange capacity of 
from 50 to 200 milliequivalents per 100 gram. 

3. A nanocomposite material according to claim 1 or 
1 0 2, wherein the polymeric matrix is selected from the 
group consisting of polyolef ins, vinyl polymers, pol- 
yesters, polyethers, potysiloxanes and acrylic poly- 
mers. 

15 4- A nanocomposite material according to claims 1 -3 , 
wherein the structural units (A] have a molecular 
weight of from 100 to 5,000 and the structural units 
(B) have a molecular weight of from 100 to 20,000. 

so 5. A nanocomposite material according to claims 1 -4, 
wherein the structural units (A) contain at least 2 
monomeric units, and wherein the structural units 
(B) contain the same or a larger amount of mono- 
meric units as/than the structural units (A). 

25 

6. A nanocomposite material according to claim 5, 
wherein the structural units (A) contains from 5 to 
20 monomeric units. 

30 7. A nanocomposite material according to claims 1 -6, 
wherein at least one of the structural units (A) is de- 
rived from monomeric units selected from the group 
of vinyl pyrroiidone, vinyi aiuohol, ethylene oxide, 
ethyienimine, vinylpyridine, acrylte acid and acryla- 

35 mide. 

8. A nanocomposite material according to claims 1 -7, 
wherein the weight ratio of the amount of block co- 
polymer or graft copolymer to the amount of clay is 

40 between 0.01:1 and 100:1, preferably between 
0.05:1 and 6:1. 

9. A nanocomposite material according to claims 1-8, 
wherein the weight ratio of the amount of clay to the 

45 amount of polymerb matrix is preferably between 
1 -.200 and 2:1 , preferably between 1 :50 and 1 .2:1 . 

10. A process for preparing a nanocomposite material 
according to claims 1 -9, wherein a day having a lay- 

50 ered structure and a cation exchange capacity of 
from 30 to 250 milliequivalents per 1 00 gram, a pol- 
ymeric matrix and a block copolymer or a graft co- 
polymer, whk5h block copolymer or graft copolymer 
comprises one or more first structural units (A), 

55 which are compatible with the clay, and one or more 
second structural units (B), which are compatible 
with the polymerte matrix, are mixed together. 
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11. A modified clay suitab! forpr paring a nanocom- 
poslte material according to claims 1 -9, based on a 
clay having a layered structure and a cation ex- 
change capacity of from 30 to 250 mllliequlvalents 
per 100 gram, which clay Is modified with a block 
copolymer or a graft copolymer, which block copol- 
ymer or graft copolymer comprises one or more first 
structural units (A), which are compatible with the 
clay, and one or more second structural units (B), 
which are compatible with the polymeric matrix. 



5. Nanov rbundmaterial nach den Anspruchen 1 bis 
4, bel dem die Struktureinhelten (A) wenlgstens 2 
monomere Einheiten enthalten, und bel dem die 
Struktureinhelten (B) dieselbe oder eine gr63ere 

5 Menge an Monomereinheiten als die Strukturein- 
helten (A) enthalten. 

6. NanoveriDundmaterial nach Anspruch 5. bel dem 
die Struktureinhelten (A) 5 bis 20 Monomerelnhel- 

10 ten enthalten. 



15 



12. A process for preparing a nanocomposite material 
according to claims 1 -9, wherein a modified clay ac- 
cording to claim 1 1 is mixed with a polymeric matrix. 

13. A molded article made from a nanocomposite ma- 
terial according to claims 1-9, or prepared accord- 
ing to claim 10 or 12. 



14. A use of a block copolymer or a graft copolymer, 20 
which block copolymer or graft copolymer compris- 
es one or more first structural units (A), which are 
compatible with the day, and one or more second 
stmctural units (B), which are compatible with the 
polymeric matrix, for modifying clay having a cation 25 
exchange capacity of from 30 to 250 milliequiva- 
tents per 1 00 gran^ so as to render the clay suitable 
for being included in a polymeric matrix. 



^0 



Patentanspruche 



1 . Nanoverbundmaterial auf der Basis von Ton mit ei- 
ner Schlchtstmktur und einer Kationenaustausch- 
kapazitat von 30 bis 250 MilliSquivalenten pro 1 00 35 
g, einer polymeren Matrix und einem Blockcopoly- 
mer oder Pfropfcopolymer, wobei das Blockcopoly- 
mer oder Pfropfcopolymer eine oder mehrere erste 
Struktureinhelten (A), die mit dem Ton vertraglich 
sind, und eine oder mehrere zweite Struktureinhel- 40 
ten (B), die mit der polymeren Matrix vertraglich 
sind, enthalt. 

2. Nanoverbundmaterial nach Anspruch 1, bei dem 
der Ton eine Kationenaustauschkapazitat von 50 
bis 200 Mllliaquivalenten pro 100 g hat. 

3. Nanoverbundmaterial nach Anspruch 1 Oder 2, bei 
dem die polymere Matrix ausgewahit ist aus der 
Gruppe bestehend aus Polyolefinen, Vinylpolyme- so 
ren, Polyestem, Polyethem, Potysiloxanen und 
acrylischen Polymeren. 

4. Nanoverbundmaterial nach den Anspruchen 1 bis 

3, bei dem die Struktureinhelten (A) ein Molekular- ss 
gewicht von 100 bis 5000 haben und die Struktur- 
Inheiten (B) eln Molekulargewlcht von 100 bis 
2Q000 haben. 



7. Nanoverbundmaterial nach den Anspruchen 1 bis 

6, bel dem wenigstens eine der Struktureinhelten 

(A) von Monomereinheiten abgeleitet ist, die aus 
der Gruppe von Vinylpyrnolidon, Vinylaikohol, Ethy- 
lenoxld, Ethylenlmin, Vinylpyrldin, Acrylsfture und 
Acrylamid ausgewahit sind. 

8. Nanovertsundmaterial nach den Anspruchen 1 bis 

7, bei dem das GewichtsverhSitnis der Menge an 
Blockcopolymer oder Pfropfcopolymer zur Menge 
an Ton zwischen 0,01 :1 und 100:1, bevorzugt zwi- 
schen 0,05:1 und 6:1 liegt. 

9. Nanoverbundmaterial nach den Anspruchen 1 bis 

8, bei dem das Gewichtsvertiattnis der Menge an 
Ton zur Menge an Polymermatrix bevorzugt zwi- 
schen 1 :200 und 2:1 , vorzugsweise zwischen 1 :50 
und 1,2 ;1 liegt. 

10. Verfahren zur Herstellung eines Nanoveriaundma- 
terlals gemfi3 den AnsprDchen 1 bis 9, bel dem ein 
Ton mit einer Schichtstruktur und einer Kationen- 
austauschkapazitat von 30 bis 250 Mllliaquivalen- 
ten pro 100 g, eine polymere Matrix und ein Block- 
copolymer Oder ein Pfropfcopolymer miteinander 
gemischt werden, wobei das Blockcopolymer oder 
Pfropfcopolymer eine oder mehrere erste Struktur- 
einhelten (A) umfaBt, die mit dem Ton vertraglich 
sind. und eine oder mehrere zweite Struktureinhel- 
ten (B) umfalBt, die mit der polymeren Matrix ver- 
traglich sind. 

11- ModifizierterTon, der zur Herstellung eines Nano- 
verbundmaterials gema3 den Anspruchen 1 bis 9 
geeignet ist und auf einem Ton mit einer Schicht- 
struktur und einer Kationenaustauschkapazitat von 
30 bis 250 Mllliaquivalenten pro 100 g basiert, wo- 
bei der Ton mit einem Blockcopolymer oder Pfropf- 
copolymer modlfiziert wird, wobei das Blockcopoly- 
mer Oder das Rropfcopolymer eine oder mehrere 
Struktureinhelten (A) umfaBt, die mit dem Ton ver- 
traglich sind. und eine mehrere Struktureinhelten 

(B) unnfaf5t, die mit der polymeren Matrix vertraglich 
sind. 

12. Verfahren zur Herstellung ines Nanoverisundma- 
terials gemaB den Anspruchen 1 bis 9, bel dem ein 
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modifizierter Ton gemaB Anspruch 11 mit ein r po- 
lymeren Matrix gemischt wird. 

13. Geformter Artikel, hergesteilt aus elnem Nanover- 
bundmaterial gema3 den Anspruchen 1 bis 9. Oder 
hergesteilt gemaS Anspruch 10 Oder 12, 

1 4. Venwendung eines Blockcopolymers Oder Pfropfco- 
polymers, bei der das Blockcopolymer Oder Pfropf- 
copolymer eine Oder mehrere erste Struktureinhei- 
ten (A) umfaBt, die mil dem Ton vertrSgilch sind, und 
eine Oder mehrere zweite Struktureinheiten (B) um- 
faBt, die mil der poiymeren Matrix vertraglich sind, 
zur ModiTizierung von Ton mit einer Kationenaus- 
tauschkapazitat von 30 bis 250 Milliaquivalenten 
pro 100 g, um so den Ton geeignet zu machen, in 
eine poiymere Matrix eingefugl zu werden. 



Revendlcatlons 



de 5 ^ 20 unites monom§res. 

7. Materiau nanocomposite selon les revendications 
1 k 6, dans iequel au moins une des unites structu- 
5 relies (A) est deriv6e d'unites monom^res selec- 
lionn6es parmi ie groupe constitu§ de vinylpyrroii- 
done, aicooi vinylique, oxyde d'ethyl^ne, 6thyi6nei- 
mine, vinylpyridine, acide acryiique et acrylamide. 

10 8. Mat6riau nanocomposite selon les revendteatlons 
1 k 7, dans leque! Ie rapport en polds entre la quan- 
tity de copolymdre bloc ou copoiym^re greff6 et la 
quantity d'argiie est compris entre 0,01:1 et 100:1 , 
de preference entre 0,05:1 et6:1. 

15 

9. Mat6riau nanocomposite selon les revendteations 
1^8, dans iequel ie rapport en poids entre la quan- 
tity d'argiie et la quantity de matrice polym6re est 
de pryfyrence compris entre 1 :200 et 2:1 , de pryfy- 
20 rence entre 1 :50 et 1 ,2:1 . 



1. Materiau nanocomposite sur ia base d'une argile 
ayant une structure stratifiye et une capacity 
d'ychange de cations allant de 30 k 250 milUyqui- 
valents par 100 grammes, une matrice polymfere et 
un copolymfere bloc ou un copotymfere greffe, Iequel 
copolym^re bloc ou copolymyre greffy comporte 
une ou plusieurs premiyres unitys structureiles (A), 
qui sont compatibles avec I'argile, et une ou piu- 

— sieuis secondes unitys. structureiles (B), qui sont 
compatibles avec la matrbe polymdre. 

2. Matyriau nanocomposite selon ia revendication i , 
dans Iequel I'argile a une capacity d'ychange de ca- 
tions allant de 50 k 200 milliyquivalents par 100 
grammes. 

3. Matyriau nanocomposite selon la revendication 1 
ou 2, dans Iequel la matrice potymfere est syiection- 

. nye pamni Ie groupe constitue de potyoiyfines, po- 
lymferes vinyllques, polyesters, poiyythers, polysl- 
loxanes et polymferes acryliques. 

4. Materiau nanocomposite selon les revendications 
1 k 3, dans Iequel les unitds structureiles (A) on un 
poids motyculaire allant de 1 00 ^ 5000 et les unitys 
stmctureiles (B) ont un poids moiyculaire allant de 
100 6 20000. 

5. Matyriau nanocomposite selon les revendications 
\ k4, dans Iequel les unrtys stmctureiles (A) con- 
tiennent au moins 2 unitys monom&res, et dans Ie- 
quel les unites structureiles (B) contiennent la md- 
me quantity ou une quantity plus importante d'uni- 
tys monomyres que les unitys structureiles (A). 

6. Matyriau nanocomposite selon la revendication 5, 
dans lequei les unitys structureiles (A) contiennent 



10. Procydy pour preparer un materiau nanocomposite 
selon les revendications 1 k 9, dans lequei une ar- 
gile ayant une structure stratifiye et une capacity 

25 d'ychange de cations allant de 30 k 250 milliyqui- 
valents par 100 grammes, une matrice poiymere et 
un copolymyre bloc ou un copolymyre greffy, lequei 
copotymyre bloc ou copolymyre greffy comporte 
une ou plusieurs premieres unites stmctureiles (A), 

30 qui sont compatibles avec I'argiie, et une ou plu- 
sieurs secondes unitys~sfmctureiles (B), qui sont 
compatibles avec la matrice poiymere, sont myian- 
ges ensemble. 

35 11 . Arglle modifiee adaptee pour preparer un matyriau 
nanocomposite selon les revendications 1 k 9, ba- 
sye sur une argile ayant une stmcture stratifiee et 
une capacity d'echange de cations allant da 30 a 
250 milliyquivalents par 100 grammes, laquelle ar- 
40 gile est modifiye k i'aide d'un copolymere bloc ou 
d'un copolymere greffe, lequei copolymere bloc ou 
copolymere greffy comporte une ou plusieurs pre- 
mieres unites structureiles (A), qui sont compatibles 
avec rargile, et une ou plusieurs secondes unites 
45 Stmctureiles (B), qui sont compatibles avec la ma- 
trbe poiymere. 

1 2. Precede pour preparer un materiau nanocomposite 
selon les revendications 1 k 9, dans lequei une ar- 

50 gile modifiee selon la revendication 11 est meian- 
gee k une matrbe poiymere. 

13. Article mouie constitue d'un matyriau nanocompo- 
site selon les revendications 1 e 9, ou prepare selon 

55 les revendications 10 ou 12. 

14. Utilisation d'un copolymere bloc ou d'un copolyme- 
re greffy, lequei copolymere bloc ou copolymere 
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greff6 comporte un ou plusi urs premieres unites 
structureiles (A) qui sont compatibles avec I'argile. 
et un ou ptusieurs secondes unites structureiles 
(B), qui sont compatibles avec !a matrice polym^re, 
pour modifier I'argil ayant un capacity d'6chang 5 
de cations allant d 30 ^ 250 mlHi6qulvalents par 
100 grammes, de manifene 6 rendre I'argile adapt6e 
pour §tre incluse dans une matrice polym^re. 
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